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FLOATING CONE CONTINUOUSLY VARIABLE TRANSMISSION 

BACKGROUND OF THE INVENTION 

> 

FIELD OF INVENTION 

[0001] This invention relates generally to improvements in continuously variable 
transmissions (CVTs) employed in vehicular applications. More particularly, the 
invention relates to an improved CVT that offers considerably reduced structural 
complexity compared to typical toroidal types of CVTs. 

DESCRIPTION OF THE PRIOR ART 

[0002] Automatically actuated electromechanical transmissions include actuation 
software modules of the embedded type, generally including connection links to 
engine control modules through standardized protocols. To the extent that the most 
new on-highway truck transmissions are actuated and controlled by software, they 
lend themselves to fully automated controls. As such, there has been considerable 
interest in providing CVT-like operating systems in trucks, motivated substantially by 
desire for improved economy of operation. 

[0003] U.S. Patent 6,085,606 issued July 11, 2000 to Stine et al. provides an 
example of one such CVT-like transmission. That patent describes a 12-speed 
transmission which, although including gears, provides relatively small steps between 
the ratios of its highest ratio gears, gears 7-12, compared to the ratio steps between its 
lowest gears, 1-6. Thus, in its highest gear ratios, the behavior of the transmission 
approximates an actual CVT. Indeed, to the extent that on-highway trucks spend 
approximately 85-90 percent of their operating lives in their highest gear ratios, such 
accommodation involving only the highest gears has been deemed to be a suitable 
relatively inexpensive approach, though of course more limited than an actual CVT. 



[0004] Thus, use of a CVT-like or "mock CVT" approach has been acceptable in 
that it generates significant benefits in fuel economy, while traditionally considerably 
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cheaper to manufacture than significantly more expensive full CVT transmissions. 
Indeed, the presently emerging belt-type and toroidal CVT transmissions, even at 
today's levels of technology and development, are believed to be insufficient to 
accommodate and/or transmit the relatively high torques associated with on-highway 
trucks. Thus, a full, actual CVT transmission for trucks that could be manufactured 
relatively inexpensively, and that could operationally meet required torque demands, 
would be well received, particularly among truck fleet owners. 

SUMMARY OF THE INVENTION 

A rotary cone-type continuously variable transmission (CVT) incorporates at 
least a pair of countershafts that are relatively rotatable within a transmission housing. 
The CVT is both beltless and non-toroidal, and includes at least two countershafts 
mounted within the housing in a manner so as to support controlled limited axial and 
pivotal movements thereof relative to the housing as well as to one another. 

The axially translatable ends of each of the countershafts are entirely 
contained within the housing, and a first end of each countershaft has a greater 
diameter than its second end. A pair of axially spaced, radially floating transmission 
input and output cones is rotatably positioned within the housing along a shared 
longitudinal axis, the respective cones being arranged to rotate independently of each 
other while being axially fixed relative to one another between the at least two 
countershafts. 

In the described embodiment, the greater diameter first ends of the two 
countershafts are defined by disks designed to bear against and to make rolling 
contact with one (the input) of the radially intermediately positioned cones, while the 
smaller second ends of the two countershafts are defined by smaller disks designed to 
bear against and make rolling contact with the second (output) cone. 

The CVT as disclosed is deemed suitable for economical replacement of 
geared electromechanically actuated main transmission boxes of compound 
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transmissions in at least medium duty truck transmission systems. As an example, 
one line-haul truck transmission consists of a five-speed main box and a separate 
auxiliary five-speed deep reduction box to provide 15 forward speed ratios. The 
replacement of the five-speed main box with the CVT unit of this invention would 
significantly enhance overall operating efficiency of the described 15-speed system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] Figure 1 is a cross-sectional view of a CVT unit constructed in accordance 
with the present invention, shown in a low-speed position. 

[0006] Figure 2 is a cross-sectional view of the embodiment of the CVT unit of 
Figure 1, shown in a high-speed position. 

[0007] Figure 3 is a cross-sectional view of a first alternate embodiment of a CVT 
unit constructed in accordance with the present invention, shown with top and bottom 
views split to separately demonstrate low-speed and high-speed positions. 

[0008] Figure 4 is a cross-sectional view of a second alternate, i.e., a compound 
embodiment, of a CVT unit constructed in accordance with the present invention. 

[0009] Figure 5 is a cross-sectional view of a third alternate embodiment of a 
CVT unit constructed in accordance with the present invention from a perspective 
taken along lines 5-5 of Figure 1. 

[0010] Figure 6 is a cross-sectional view of a CVT unit constructed in accordance 
with the present invention, shown in a truck transmission compound box system, 
wherein the CVT unit is the front main box of a system that includes a rear deep 
reduction box. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0011] Referring initially to Figure 1, a novel cone-style CVT system 10 designed 
for use in a power train of a motor vehicle (neither shown) is both beltless and non- 
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toroidal. The specific configuration of the CVT system 10 is particularly suitable for 
on-highway trucks, although the invention is broad enough to apply to other vehicular 
platforms as well. 

[0012] A front input cone 12 has a frustoconical cross-section as shown; a rear 
output cone 14 also shares a reversely oriented but otherwise identical frustoconical 
cross-section. Each of the cones 12, 14 includes a conical surface 9, a major circular 
base 11, and a smaller minor circular base 13. The cones are arranged in a manner 
such that their smaller circle bases 13 are positioned proximally to one another, while 
their larger major circle bases 1 1 are opposed to one another and define spaced 
extremities of the cones. 

[0013] The cones are positioned so as to lie spatially apart along a common 
horizontal axis c-c, and are axially fixed relative to one another along the axis c-c. At 
least a pair of countershafts 16 and 18 is adapted to swivel about a pair of parallel 
vertical axes, shown as a-a and b-b, respectively. The two countershafts 16, 18 are 
also supported for limited axially translational movements of their pivotally moveable 
shaft axes d-d and e-e, respectively. As such, each countershaft is adapted to be 
controllably moved both pivotally and translationally along the axis c-c, and relative 
to the cones 12,14, which rotate on thrust bearings 28, 30, respectively, against 
housing ends (not shown). 

[0014] Each countershaft 16, 18 includes a disk 20, 22, respectively, and each 
disk is rigidly secured to its respective shaft. Each disk is adapted to controllably 
engage various axially extending portions of the conical surface 9 of the input cone 12 
so as to provide infinitely variable gearing ratios between a pair of lowest and highest 
design CVT input-output ratios. 

[0015] The countershafts 16, 18 are supported for pivotal and translational 
movement in trunnions 32 that are supported in a CVT housing 100 (Figure 6), as will 
be appreciated by those skilled in the art. The trunnions 32 support ball bearings 34, 
36, rigidly secured to each shaft 16, 18, respectively, and permit relative movement of 
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the bearings 34, 36 in spherical race surfaces 42 of bearing races 38 and 40, 
respectively. 

[0016] As depicted in Figure 1, the CVT system 10 is shown in its lowest speed 
position. It will be appreciated that the larger diameter disks 20, 22 secured to shafts 
16, 18, respectively, have edges 24, 26 adapted to engage spaced apart conical 
surfaces 9 of the front input cone 12. Conversely, the opposed small diameter disks 
21, 23 of the shafts 16, 18 are adapted to engage spaced surfaces 9 of the rear output 
cone 14. It will be apparent to those skilled in the art that the cones 12, 14 remain 
fixed along the axis c-c, while the shafts 16, 18, along with the disks 20, 22, 21, 23 
fixed thereto, will pivot as well as move translationally by means of software 
controlled axial movements (i.e. along axis c-c) of the trunnions 32, which in the as 
described embodiment are adapted to move uniformly together, though spaced apart 
from one another, as shown. 

[0017] Referring now also to Figure 2, the CVT system 10 of Figure 1 is shown in 
its highest speed position, wherein the system 10 would be operating under its 
relatively lowest power position, such as would be encountered in a vehicle operating 
at its upper range of highway speeds. Finally, those skilled in the art will appreciate 
that the use of three uniformly circumferentially spaced shafts (described herein 
below in an altemate embodiment) of the type 16, 18 and associated disks 20, 22, 21, 
23 will facilitate centering, hence "floating", of the cones 12, 14, as the cones tend to 
seek operating positions of lowest stress under normal loads. 

[0018] Referring now to Figure 3, an altemate CVT system 10' depicts a special 
structure for fixing cones 12* and 14* positioned along a common axis c'-c*. Thus, an 
outer tube shaft 50 supports the cone 14' which is rigidly secured thereto, as shown. 
A stepped diameter inner tube shaft 52, i.e., having multiple diameters as also shown, 
provides a support shaft for the input cone 12' positioned oppositely of the output 
cone 14' situated at the second end of the CVT structure 10'. The respective tube 
shafts 50, 52 are supported on plurality of spaced pilot bearings 54, 56, as depicted. 



Attorney Docket 65856-0060 (Eaton Case 97'TRN'190) 



PATENT 



[0019] Finally, similar to the embodiment of Figures 1 and 2, the disks 20' and 21' 
of Figure 3 are shown to be integrally formed with the shaft 16'. Similarly, the disks 
22' and 23' are integrally formed with their associated shaft 18'. The integral 
formation of disk and countershaft parts can be achieved by a forging process. Such a 
forging process offers assurance that the neither of the disks 20', 22', 21', 23' will 
rotate or slip relative to its respective shaft 16', 18' under the relatively high loading 
forces associated with CVT transmissions. 

[0020] Referring now to Figure 4, a second alternate tandem CVT arrangement 60 
comprises a CVT system having a first input cone 70. A spatially positioned second, 
intermediate, compound cone 72 shares axis c"-c" with the first cone 70 through a set 
of spacer pilot bearings 80. Finally a third cone 74 is axially juxtaposed against the 
second cone 72 through a second set of spacer pilot bearings 82. This arrangement 
provides a multiplier effect of the ratios of first and second cones to provide a 
considerably wider range between a lowest available design CVT ratio and highest 
available design CVT ratio, as will be readily apparent to those skilled in the art. 

[0021] Finally, with respect to the tandem CVT arrangement 60 of Figure 4, it 
will be apparent that the disks 20", 22", 21", 23" are positioned on shafts 16", 18" 
similar to the embodiments previously described. Similarly, the disks 20'", 22'", 21"', 
23"' in the rear CVT section are positioned on shafts 16'", 18"' in similar manner. 

[0022] Referring now to Figure 5, a view along lines 5-5 of the CVT system 10 of 
Figure 1 has been modified to demonstrate use of an extra disk 25 in a triple 
countershaft arrangement of a fourth alternate embodiment. (The first embodiment, 
i.e. that displayed in Figure 1, only employed a twin countershaft structure.) The use 
of a third or even fourth countershaft may be appropriate to more uniformly distribute 
high loading within the CVT structure; i.e., to avoid highly concentrated loading in 
more robust, highly loaded, arrangements. Thus, depending on the power demands of 
a given transmission, particularly in view of engine size, etc., the number of 
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countershafts can be increased, although obviously with a commensurate increase in 
cost. 

[0023] Finally, a novel combination transmission system 100 is comprised of a 
front or main transmission box 90 coupled via an inter-shaft yoke 94 to a separate 
deep reduction box 92, as shown in Figure 6. The deep reduction box contains 
appropriate gearing 102, as will be appreciated by those skilled in the art. Such an 
arrangement is typically employed in line-haul trucks as well as off-highway vehicles. 
A transmission input shaft 96 that extends from the front of the box 90 is driven by an 
engine through a clutch (neither shown), and operatively rotates a driveshaft 98 
through the boxes 90 and 92. It will be apparent to those skilled in the art that the 
nature of bearing loads realized in a tandem box arrangement would be such that it 
would be expedient to provide the main transmission box 90 as a CVT, as depicted. 
In other words, the use of the main box 90 as the CVT would effectively keep such 
stresses to a minimum. 

[0024] In such a case, the simple CVT system 10 of Figures 1 and 2, or the CVT 
system 10* of Figure 3, would be appropriate, rather than use of the compound CVT 
60 of Figure 4. This is because the deep reduction box 92 supplies the noted 
multiplier effect described above with respect to the compound CVT 60. In summary, 
the box 92 will therefore operate to further expand the operating range points of the 
infinitely variable ratio provided by the CVT box 90. 

[0025] It is to be understood that the above description is intended to be 
illustrative and not limiting. Many embodiments will be apparent to those skilled in 
the art upon reading the above description. The scope of the invention should be 
determined, however, not with reference to the above description, but with reference 
to the appended claims with full scope of equivalents to which such claims are 
entitled. 



